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Intisari— Peramalan adalah alat untuk menentukan sejauh mana kondisi di masa depan yang akan mempengaruhi keputusan tentang 
arah kebijakan strategis. Membuat keputusan terbaik memerlukan alat analisis sebagai sarana agar tingkat akurasi dapat dicapai. 
Makalah ini bertujuan untuk meramalkan kondisi penjualan radiator tipe A, tipe B dan tipe C pada tahun 2016 dan menetapkan 
prioritas berdasarkan hasil analisis produksi AHP. Metode yang digunakan dalam peramalan menggunakan metode Winter dan 
analisis keputusan menggunakan perbandingan AHP Pairwise. Prakiraan untuk radiator tipe A dan tipe B cenderung berfluktuasi 
sedangkan radiator tipe-C linier, yang menghasilkan produksi tipe C lebih disukai. Hasil analisis AHP menunjukkan bahwa radiator 
tipe C memiliki skor dominan pada kriteria Produksi (0,382), Harga Jual (0,376), Desain (0,340), dan Segmen Pasar (0,329). Sedangkan 
untuk kriteria Daya Tahan, tipe B memiliki skor tertinggi 0,391. Perubahan kriteria sensitivitas tidak berpengaruh signifikan pada 
radiator tipe-C, sehingga dapat disimpulkan radiator tipe C merupakan prioritas dalam lini produksi radiator di perusahaan X untuk 
2016. 
Kata kunci— Radiator, Peramalan, Metode Musim Dingin, Perbandingan Pasangan-bijaksana, AHP 
 
Abstract— Forecasting is a tool to determine the extent of future conditions which will affect decisions on the strategic policy direction. 
Making the best decisions requires an analysis tool as a means for the level of accuracy can be achieved. This paper aims to forecast 
sales conditions radiator type A, type B and type C in 2016 and set priorities based on the results of analysis AHP production. The 
method used in forecasting using the method of Winter and decision analysis using AHP Pairwise comparison. Forecasts for radiator 
type A and type B tend to fluctuate while the linear C-type radiator, resulting in the production of type C are preferred. AHP analysis 
results indicate that the radiator of type C have a dominant score on the criteria of Production (0.382), Selling Price (0.376), Design 
(0.340), and Market Segment (0.329). As for Durability criteria, type B has the highest score of 0.391. Changes in sensitivity criteria has 
no significant effect on C-type radiator, so that it can be concluded radiator type C is a priority in radiator production line at company 
X for 2016. 
Keywords— Radiator, Forecasting, Winter Method, Pair-wise Comparison, AHP 
 
I. INTRODUCTION 
One of the industrial problems in the competitive global 
market was a necessity to produce high quality products with 
less usage of energy and resources. With the market demands 
quickly change, it needs the bigger difference between value 
and needs that led to the changing on condition of a process. 
Performance in the company should be made to achieve high 
levels of productivity. One strategy or methods used in the 
process of providing goods and services is forecasting. 
Forecasting is an activity to know (event) will happen in the 
future regarding certain objects using the experience/historical 
data. Currently, high complexity in competitive business makes 
a firm looking for right methods in decision-making .At the 
time that proper forecasting model have been found, person 
might determine the priority based on the production 
forecasting. This will affect to the determination of master 
production schedule and capacity planning of production 
process in company. A method of decision-making can be done 
at various ways and one of them is analytical hierarchy process. 
Company X produces automotive heat exchanger 
(radiator) for aftermarket where sales per type the radiator 
fluctuated depending on the demands of market. Segmentation 
of market between original equipment (OE) and aftermarket 
was very different. OE as original part made for branded 
automotive as Honda, Toyota, Audi, and others. OE parts used 
in assembling process in factories of automotive industry and 
as original replacement part in authorized service center. Spare 
parts for aftermarket has broader market segments, from the 
lower level (low end market) until a high level (high end 
market), and also has various product in term of product quality. 
Because it has wide market, the demand of aftermarket is very 
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high moreover because the price is cheaper than original parts 
but has similar functions.  
Currently, sales of company X difficult to be predicted because 
price competition become very tight and affect to sales 
planning. Company's forecasting is now being invalidated and 
it is difficult to determine the error that occurs. Priority of 
production also affected because of this matter. So, research is 
made for an analysis of decision-making on production priority 
using Analytical Hierarchy Process and Winter Forecasting 
method. 
 
A. Forecasting 
Forecasting is an attempt to predict the future state 
achieved through testing in the past (Hani, 2000). Forecast also 
based on expertise assessment, which based on the data 
historical and experience. Forecasting is the use of data of the 
past from a variable or a collection of variables to estimate its 
value in the future. The basic assumption in the 
implementation of forecasting technique is that if we can 
predict what happened in the future, we can change our current 
habits to be better and would be far more different in the future. 
This is because performance in the past will continue to repeat 
at least in the future that are relatively. Forecasting estimates 
the expected value of a variable that will be checked in the 
future. Forecasting could also be done in a statistics method, 
using data time series and data cross section, or can also by 
using the simple method such as judgment from researcher. 
Many research has been done to get best model of forecasting, 
because forecasting always contains element of error. 
Statistically, error has been categorized as error that can be 
accepted, and error that cannot be accepted. Error that can be 
accepted is called as random error, which occur randomly. 
Unacceptable error, happens if its emergence often can be 
confirmed, is called systematic error. Model of forecast is 
considered as good models if that model can eliminate 
systematic error.  
B. Winter Method 
Taylor (2003) found that Multiplicative exponential 
smoothing trend has received very little attention in the 
literature. Taylor tried to forecasts by Comparing the standard 
Pegels Holt's method with traditional method and Holt-
Winters with a well-specified double multiplicative seasonal 
ARIMA models. Da Veiga et al. (2014) compare the 
performances between ARIMA and Holt-Winters (HW) 
models for the prediction of a time series formed by a group of 
perishable dairy products and found that HW models Obtained 
better results regarding the performance metrics, having a 
better adjustment and capturing the linear behavior of the 
series. Holt-Winter method very usefull to get a more optimal 
prediction data using three parameters: level, trend, and 
seasonal factors. Szmit and Szmit (2012) using the Holt-
Winter method to detect the anomaly detection of network 
traffic and combine it with traditional winter. Tratar (2013) 
found that Holt-Winter reduce forecasting error in the number 
of tourists staying in the Republic of Slovenia. Holt-Winter 
can also be used on the currency market. Valakevicius and 
Brazenas (2015) utilizing the Holt-Winter method to predict 
exchange rate volatility on the Euro and US Dollar with a 
simplified version of the multiplicative models. Lepojević and 
Andjelkovic-Pesic (2011) concluded that the success of the 
applied forecasting method depends partly on the properties of 
time series. With proper choice of the method, taking into 
account the Assumptions of its application, it is possible to 
provide high-quality forecasts. According to Makridakis et al 
(1999), a method of winter exponential smoothing was 
appropriate used to handles seasonal data besides of data 
which has a trend. Advantage of the use of winter exponential 
smoothing method is easy to use due to its simplicity and low 
cost (Arsyad, 2001). Mean Squared Error (MSE) produced by 
winter exponential smoothing method relatively less than the 
exponential smoothing method of holt and brown (Arsyad, 
2001). The problem resolution with winter exponential 
smoothing method is expected can provide information in 
accordance with user needs. This method used when data of 
time series follow pattern and seasonal trend. According to 
O'Connell & Koehler (2005), this method divided in two parts 
as below  
1. A winter exponential smoothing method with the 
methods of additional seasonal used for seasonal constant 
variations ( additive seasonal method ) 
2. A winter exponential smoothing method with the 
methods of multiplication seasonal (multiplicative 
seasonal method) used for variations of seasonal data 
which had increasing or declining (fluctuations). 
 
C. Analytical Hierarchy Process 
A method of Analytic Hierarchy Process (AHP) developed 
by Thomas L. Saaty when he was in Warston School .AHP 
method is one of the methods that can be used in a system of 
decision-making by considering factors of perception , 
preference , experience and intuition . AHP combines personal 
assessments and values into one logical manner. This method is 
a framework to make decisions effectively over problems with 
simplify and speed up the decision-making process by resolving 
this problem into its parts, setting a part or variable in an 
arrangement of a hierarchy , giving a numerical value on the 
subjective considerations of the importance for every variable 
and synthesize many considerations to establish variables 
which has highest priority and act to influence the outcome on 
that situation .This method also combines the feelings and logic 
concerned in various problems, and synthesize many diverse 
considerations into the outcome to match our intuitive 
estimation as presented on considerations that have been made. 
In solving the problem using AHP methods, there are several 
basic principles that must be understood: 
1. Decomposition 
Decomposition means solve or divide whole problems 
into elements to form a hierarchy of decision-making 
process, where every element is interconnected. To get 
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accurate results, elements are being divided until they 
cannot be divided further, so that obtained several levels 
of problems which want to be resolved. The structure of 
decision hierarchy could be considered as complete and 
incomplete. A decision hierarchy is complete when all the 
element at certain level have relation to all elements in the 
next level, while an incomplete decision hierarchy is the 
opposite of complete hierarchy. 
2. Comparative Judgment 
Comparative judgment was performed by an assessment 
of relative importance between two elements at a certain 
degree in relation with the levels on top of it. This 
assessment is at the core of AHP because it will have an 
influence to the scale of priority of the elements. The 
result of this assessment will be easier presented in the 
form of pair-wise matrix comparisons which is the 
comparison matrix in pairs that contains the level of 
preference of several alternatives for each criteria. Scale 
of a preference that used is a scale from 1, represents the 
lowest level (equal importance), to scale 9 represents 
highest levels (extreme importance). 
3. Synthesis of Priority 
Synthesis of priority was conducted using Eigen vector 
method to get relative weight for elements of decision-
making. 
4. Logical Consistency 
Logical Consistency is important characteristic of AHP. 
This is achieved by aggregate all Eigen vector obtained 
from various levels of the hierarchy and then resulted a 
vector composite weighted that produces the order of 
decision-making.  
AHP analysis can be used in various fields not only related to 
the production and management decision making. Serkani et al. 
(2013) using AHP to select the best projects in the health sector 
in Iran. While Wu et al. (2011) even used this technique in the 
form of Fuzzy AHP to test the Taiwan National Quality Award 
criteria (TNQA). Mirzaei et al. (2011) AHP combines with 
other tools such as SWOT develop a strategy to improve the 
effectiveness of milk production in Sistan and Baloochestan 
Province, Iran. 
 
II. METHODOLOGY 
The primary data was obtained from observation and 
interviewing production manager of company X as an experts 
in determining assessment weight. Secondary data is the sales 
data of year 2011 - 2015 from the annual report of company X 
 
 
Figure 1. Sales Data of Radiator Type A, Type B, Type C 
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Figure 2. Structure of Criteria and Alternatives 
 
 
 
According to Saaty (2008); Suryadi and Ramdani (2000), steps 
of AHP:  
1. Specify problems and source of information related to the 
problem. 
2. Make hierarchy from its aim of the decision to alternative 
decision. 
3. Develop comparison matrix to determine level of 
importance. 
4. Use an alternative score as a basis for determine priorities 
of decision. 
 
III. RESULT AND DISCUSSION 
 Marimin and Maghfiroh( 2010 ) stated, one of the tool of 
analysis for several criteria  is Analytical Hierarchy Process ( 
AHP ).In research conducted by Sestri (2013), assessment of 
performance using AHP could become a reference for the 
decision makers to determine the policy aims. While 
Widyastutik and Arianti (2013), showed that alternative 
strategy obtained from the results of the analysis AHP could be 
a logical alternative to achieved. 
A. Winter Forecasting 
 Based on secondary data obtained from company X, 
forecasting can be performed for a period of year 2016.The 
following is result of forecasting using software SPSS 16. 
 
TABLE I 
FORECAST RESULT OF YEAR 2016 
 
 
 
TABLE II 
COMPONENTS OF MODEL 
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Based on Table2, the model result has Mean Absolute 
Percentage Error (MAPE) of 488,037 %, and stationary r- 
 
squared of 0,582 (positive and approaching 1). Both the 
components suggests that the model is acceptable to be used as 
a reference forecasting.
 
 
Figure 3. Forecasting result 
 
 
 
Figure 3 showed that forecasting of radiators type suggests that 
radiators type A and type B has experienced a fluctuating trend, 
while type C was tend to be linear. An alternative selection of 
radiators type aimed to determine radiator production priority 
in 2016. 
 
 
 
B. Analytical Hierarchy Process 
The production priorities based on forecasting result with 
three alternatives was necessary for company to make a policy 
properly. Analytical Hierarchy Process (AHP) was one of the 
tool in decision making .Observation and interviews with the 
company, in this case, a production manager as an expert, 
produced a scheme diagram AHP to be used as a hierarchy 
decision analysis for producing radiators. 
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C. Production Criteria 
 
Figure 4. AHP for production criteria 
 
 
Analysis to production criteria showed that radiators type C 
have the highest scores 0,382, it means radiators type C have a 
lead in the ease of production in terms of cost and materials 
needed .With the level of 0,00086 inconsistency , the data from 
the experts can be accepted as input in decision making. 
 
 
D. Selling Price Criteria 
 
Figure 5. AHP for selling price criteria 
 
Selling price is a most dominant indicator in producing goods 
/ service. In criteria of selling price, radiators type C have the 
highest scores of level inconsistency 0,0079, so that it can be 
decided that radiators type C is competitive type in terms of 
selling price. 
 
 
E. Durability Criteria 
 
Figure 6. AHP for durability criteria 
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A product will be accepted by consumers when having long 
life of usage .Durability of a product is the image to 
consumers to make choices .Analysis of criteria for 
durability suggests that radiators type B have the highest and 
the lowest 0,391 and type C of 0,323. 
 
F. Design Criteria 
 
Figure 7. AHP for design criteria 
 
The results of the analysis of design criteria showed that the 
radiator type C have a score 0,340 with difference of 0,003 
with the radiator type A. In term of design, type C not too 
superior compared to type A. So, design criteria was not a 
major indicators in the change of products. 
G. Market Segment Criteria 
 
Figure 8. AHP for production criteria 
 
A radiator type Chas dominant market segment which seen 
from the analysis of 0,365 with significant different 
compared to type A and type B. 
 
H. Criteria of Sensitivity 
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Figure 9. Criteria of Sensitivity 
 
The results of criteria sensitivity analysis showed that in 
overall, sensitivity of the radiator type C was dominant against 
type A and type B, only on the criteria of durability, type B was 
more dominant against the other types .It showed that the 
decision changing that being taken on the radiator production 
type A or type B did not influenced significantly to the radiator 
type C, except the company decide to put priority in the criteria 
for product durability on its latest product 
 
IV. CONCLUSION 
The results of forecasting and analysis of AHP can be 
concluded that:  
- Radiator type A and type B tend to fluctuant in forecasting 
2016 so that it was difficult for company in term of 
decision-making. 
- Radiator type C has linearity in forecasting, so that it will 
facilitate the company in production planning. 
- Radiator type C has excellence score of AHP on the criteria 
of production (0,382), selling price (0,376), design 
(0,340), and market segment (0,329).  
- Radiator type B has dominant score of AHP on the 
durability criteria (0,391).  
- Sensitivity criteria showed the domination of radiator type 
C to type A and type B. 
Determination of the criteria has been quite influential to the 
results of best forecasting. In addition, subjectivity of 
weighting of criteria will be more optimal if it is conducted by 
a group of experts, so that further research is recommended to 
get more input or information  from many experts . 
                                       REFERENCES 
[1] L. Arsyad, Peramalan Bisnis, BPFE, Yogyakarta, 2001. 
[2]  C. P. Da Veiga, A. Catapan, U. Tortato, W. V. Da Silva, “Demand 
Forecasting in Food Retail: A Comparison between the Holt-Winters and 
ARIMA Models”, WSEAS Transactions on Business and Economics, 11, 
608-614, 2014. 
[3]  H. T. Hani, Dasar-dasar Manajemen Operasi dan Produksi. BPFE, 
Yogyakarta, 2000. 
[4]  V. Lepojevi, M. Anelkovi-Pei, “Forecasting electricity consumption by 
using holt-winters and seasonal regression models”, Economics and 
Organization, 8(4), 421-431,2011. 
[5]  S. Makridakis, S. C. Wheelwright, V. E. McGee, Metode dan aplikasi 
peramalan, Jakarta: Binarupa Aksara, 1999. 
[6]  Marimin and N. Maghfiroh, Aplikasi Teknik Pengambilan Keputusan 
dalam Manajemen Rantai Pasok, Bogor:  IPB Press, 2010. 
[7]  H. R. Mirzaei, M. Rojuee, A. H. Okhravi, “Planning new management 
approach for milk production using the SWOT and the Fuzzy AHP 
model: A case study in the Sistan and Baloochestan province, Iran”, 
African Journal of Business Management, 7(17), 1606, 2013. 
[8]  R. T. O'Connell, A. B. Koehler, “Forecasting, time series, and regression: 
An applied approach”, South-Western Pub, 2005. 
[9]  L. T. Saaty, Decision Making with The Analytic Hierarchy Process. 
University of Pittsburgh. Int. J. Services Sciences, Vol. 1, No. 1, 2008. 
[10]  A. Sestri, “Penilaian Kinerja Dosen dengan menggunakan Metode 
AHP”, Journal Liquidity, STIE Ahmad Dahlan Jakarta, Vol. 2, No. 1, hal 
100-109, 2013.  
[11]  K. Suryadi, A. Ramdhani, Sistem Pendukung Keputusan: Suatu Wacana 
Struktural Idealisasi dan Implementasi Konsep Pengambilan Keputusan, 
Bandung: Remaja Rosdakarya, 2000. 
 
[12]  M. Szmit & A. Szmit, “Usage of modified Holt-Winters method in the 
anomaly detection of network traffic: Case studies”, Journal of 
Computer Networks and Communications, 2012. 
[13] J. W. Taylor, “Exponential smoothing with a damped multiplicative 
trend”, International journal of Forecasting, 19(4), 715-725, 2003. 
[14] J. W. Taylor, “Short-term electricity demand forecasting using double 
seasonal exponential smoothing”, Journal of the Operational Research 
Society, 54(8), 799-805, 2003. 
Performance Sensitivity for nodes below: Goal: TIPE RADIATOR TERBAIK
Objectives Names
PRODUKSI PRODUKSI
HARGA JUAL HARGA JUAL
DURABILITY DURABILITY
DESAIN DESAIN
SEGMEN PASAR SEGMEN PASAR
Alternatives Names
TIPE A TIPE A
TIPE B TIPE B
TIPE C TIPE C
Jurnal Teknik Industri    ISSN 2622-5131 (Online) 
Vol. 9 No. 1  ISSN    1411-6340 (Print) 
 
62 
 
[15] L. F. Tratar, “Improved Holt-Winters method: A case of overnight stays 
of tourists in Republic of Slovenia”, Economic and Business Review, 
16(1), 5-17, 2014. 
[16] E. S. Serkani, M. Mardi, E. Najafi, K. Jahanian, A. T. Herat, “Using AHP 
and ANP approaches for selecting improvement projects of Iranian 
Excellence Model in healthcare sector”, African Journal of Business 
Management, 7(23), 2271, 2013. 
[17] E. Valakevicius, M. Brazenas, “Application of the Seasonal Holt-
Winters Model to Study Exchange Rate Volatility”, Engineering 
Economics, 26(4), 384-390, 2015. 
[18] Widyastutik, R. K. Arianti, “Strategi Kebijakan Mutu dan Standar 
Produk Ekspor dalam Meningkatkan Daya Saing (Studi Kasus Produk 
Ekspor Biji Kakao)”, IPB. Journal of Management & Agribusiness, Vol. 
10 No. 2, July. 2013. 
[19] H. Y. Wu, P. S. Chen, C. L. Chuang, “The significance of research and 
development (R&D) and innovation to high-tech industry from the total 
quality management (TQM) perspective”, African Journal of Business 
Management, 5(15), 6287, 2011. 
